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Prescriptive Analysis - Building 
Overview
• Built in 2015
• 1, 2, and 3 Story 
building sections.
• Northwest side of town 
outside of the 
incorporated City of 
Houston.
• Just adopted the 2018 
Edition ICC for better 





• Per 2012 IFC §503, apparatus 
access is required to within 150’ of 
all portions of  the building.
• Per 2012 IFC §507.5.1, exception 1, 
fire hydrants are required to within 
600’ of all portions of the building 
served by an apparatus access road, 
as measured by an approved route –
not compliant.
• Aerial apparatus  access is provided 
to the Northeast and Southwest 
sides, with a 26’ minimum width, 
parallel to one full side, within 15’ to 
30’ of the building.
• 20’ road with and 28’ turning radius.
Prescriptive Analysis – Applicable Codes
Harris County, TX is the Authority Having Jurisdiction (AHJ)
• Building Codes
• 2012 International Building 
Code
• 2012 International Fire 
Code with Harris County 
Amendments
• 2012 International 
Mechanical Code 
• NFPA 70 (NEC) 2014 Edition
• 2012 International 
Plumbing Code
• Fire Protection Standards
• NFPA 13, 2010 Edition –
Fire Sprinklers Commercial 
Buildings
• NFPA 72, 2010 Edition –
Fire Alarm
• NFPA 10, 2010 Edition –
Portable Fire Extinguishers
• NFPA 25, 2012 Edition – ITM 
of Sprinkler Systems
• NFPA 30, 2012 Edition –
Flammable and 
Combustible Liquids
• NFPA 92, 2012 Edition –
Smoke Control Systems
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Prescriptive Analysis – Building 
Code Analysis – As Built
• Occupancy Types Per 2012 
IBC Chapters 2 and 3
• Worship – Assembly Group 3
• Classroom – Education 
Group E
• Storage – Group S-1 and S-2
• Office Spaces – Group B
• Bookstore – M
• Café (no  cooking or 
combustible operations) - M
• Building Areas
• Worship and Classroom
• First Floor – 92,081 ft2
• Second Floor – 44,941 ft2
• Third Floor – 27,591 ft2
• Storage
• 3,574 ft2














Prescriptive Analysis – Building 
Code Analysis – Allowable Areas
• Building Area Calculations (Table 503) • Allowable Area
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Group Type I Type II
A B A B
A-3 S UL 11 3 2
A UL UL 15,500 9,500
B S UL 11 5 3
A UL UL 37,500 23,000
E S UL 5 3 2
A UL UL 26,500 14,500
M S UL 11 4 2
A UL UL 21,500 12,500
S-1 S UL 11 4 2
A UL 48,000 26,000 17,500
S-2 S UL 11 5 3
A UL 79,000 39,000 26,000
The B, E, M, and S portions of the building are within 
the limits of Table 503, and therefore area increases 
are not required.  
It is a mixed-use occupancy.  Therefore, the occupancy 
areas are also separated as required by §508.4.
Prescriptive Analysis – Building 
Code Analysis – Fire Resistance
• Fire Resistive Requirements Per Table 601 for IB 
Construction
• Type IB structural Frame
• Required – 2 hour
• Provided – 2 Hour
• Type IB exterior  bearing walls
• Required – 2 hour
• Provided – 2 hour
• Type IB floor construction
• Required – 2 Hour
• Provided – 2 hour
• Type IB roof  construction
• Required – 1 hour
• Provided – 1 hour
• Fire Resistive Requirements Per Table 601 for 
IIB Construction
• Type IIB structural Frame
• Required – 0 hour
• Provided – 0 Hour
• Type IIB exterior  bearing walls
• Required – 0 hour
• Provided – 0 hour
• Type IIB floor construction
• Required – 0 Hour
• Provided – 0 hour
• Type IIB roof  construction
• Required – 0 hour
• Provided – 0 hour
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Prescriptive Analysis – Building 
Code Analysis – Fire Resistance
Fire Resistive and separation Requirements
• Primary occupancy is A-3
• The building is mixed use (A-3, B, E, M, and S), 
and shall comply with §508 for separation.
• Columns are protected in accordance with 
§704.2 and primary structure protected in 
accordance with §704.3.
• Exterior walls are in accordance with Table 602 
for separating an S-1 occupancy for less than 5’ 
separation distance.
• Table 706.4 note (a) requires a fire wall rating 
for A occupancy of 2 hours, and a 2-hour wall is 
provided.
• The occupancies are separated in accordance 
with Table 508.4.
• Exterior wall openings are protected in 
accordance with §705 and §705.8.5.
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2 HOUR WALL
Prescriptive Analysis – Building 
Code Analysis – Fire Resistance
• Cementitious Products
• Roof – Comply with UL P741 
for required 1 hour rating.
• Floor – Comply with UL D949 
for required 2 hour rating.
• Wide flange columns to 
comply with X772
• Tube and Pipe columns to 
comply with X771
• Intumescent Products
• Exterior beams to comply 
with UL N609.
• Exterior tube columns to 
comply with UL X630.
• Interior beams to comply 
with UL N619.
• Interior wide flange columns 
to comply with UL X660.
• Interior tube columns to 
comply with UL X661
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• For Use
• Exterior – Carboline NulliFire S605
• Interior – Carboline Thermo-Sorb
Prescriptive Analysis – Building 





• Used to insulate steel 
from heat in fire
• Carboline 5MD
• UL listed
• Restrained vs 
Unrestrained (code 
requirements vs. design 
professional designation)
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Prescriptive Analysis – Building 
Code Analysis – Fire Resistance
• Intumescent products
• Another passive method of 
fire protection for structural 
steel.
• Used to insulate steel from 
heat in fire by expanding 
when exposed to high 
temperatures.
• Used in applications for 
aesthetic appeal primarily 
since more expensive than 
cementitious.
• Carboline Thermo-Sorb E.
• UL listed.
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Prescriptive Analysis – Building 
Code Analysis – Interior Finishes
• Interior Finish Requirements
• Decorative materials and trim 
to be in accordance with 
§801.4 and NFPA 701.
• Foam plastic is prohibited as 
an interior finish.
• Textile and vinyl coatings may 
be used, but must conform to 
the fire test requirements of E 
84 or UL 273.
• NFPA 265 dictates interior 
finish classifications.
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Prescriptive Analysis – Automatic 
Fire Sprinkler System Analysis
• Per 2012 IBC §903.2.1 for Assembly 
Occupancies and §903.2.1.3 for A-3 
Occupancies, sprinklers are required 
for fire areas greater than 12,000 sft
and occupant loads > 300 in the fire 
area, with no exceptions.
• Sprinklers are required and provided
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Prescriptive Analysis – Automatic 
Fire Sprinkler System Analysis
NFPA 13 2013 Ed Requirements
• §A5.2 Church, educational, and 
business are all considered Light 
Hazard.
• Per Table 11.2.2.1 min 15 psi 
residual pressure, 500 gpm flow, 
30-minute duration.
• Per Figure 11.2.3.1.1 minimum 
density of .1 over 1,500 ft2 area.
• Per Table 11.2.3.1.2 100 gpm 
combined hose stream 
allowance with 30 min duration.
Provided Protection
• Quick Response, ordinary 
temperature heads
• .1 gpm/ft2 density.
• 900 to 1660 sft design area, 
with design area reductions per 
§11.2.3.2.3.1.
• 250 gpm hose stream 
allowance.
• 517.28 gpm @55.77 psi max 
system demand.
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Prescriptive Analysis – Automatic 







Prescriptive Analysis – Automatic 
Fire Sprinkler System Analysis
• Cloud Ceilings and wall 
obstructions present in 
many areas.
• Wall obstructions are 
fixed and greater than 4’–
not compliant with NFPA 
13, 2010 Edition §8.5.5.
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Wall Obstruction
Prescriptive Analysis – Fire Alarm 
and Detection System Analysis
• Alarm is required per §907.2.1
• Fully equipped with automatic smoke 
detection system (photoelectric).
• System is a monitored.
• Water flow is also monitored.
• Elevator is equipped with supervisory 
recall.
• Alarm is equipped with emergency 
voice evacuation system.
• System is in accordance with NFPA 72
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FACP
Prescriptive Analysis – Fire Alarm 
and Detection System Analysis
• Audio/Visual Device • Photoelectric Smoke Detector
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Prescriptive Analysis – Fire Alarm 
and Detection System Analysis
• Fire Alarm Control Panel • Manual Pull Station
27
Prescriptive Analysis – Fire Alarm 
and Detection System Analysis
• Initiating Devices
• Monitored system –
authorities automatically 
notified upon alarm.
• Smoke Detectors –
Automatic.
• Carbon Monoxide Detectors 
– Automatic.
• Pull Stations – Manual.
• Sprinkler water flow.
• Notification Devices
• Combination Strobe 
Speaker.
• Strobe light.
• Alternating tri-lobe 
temporal alert and voice 
notification.
• Occupants more sensitive to 
voice notification.
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Prescriptive Analysis – Building 
Code Analysis – Occupant Load
Per 2012 IBC Table 1004.1.2 and §1004.4
Type Use Occupancy Factor
1st Floor Assembly Office 31 100 gross
Mercantile 26 30 gross
Storage 34 300 gross
Worship (Concentrated) 4397 1:7 Net
Classroom 382 20 Net
2nd Floor Assembly Office 8 100 gross
Mercantile 25 30 gross
Assembly (Concentrated) 736 1:7 Net
Classroom 418 20 Net
3rd Floor Assembly Office 11 100 gross
Mercantile 3 30 gross
Storage 6 300 gross
Assembly (Concentrated) 786 1:7 Net
Classroom 81 20 Net
Total Occupancy 6,944
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Prescriptive Analysis – Building 
Code Analysis – Egress Sizing
• Means of Egress Sizing per 2012 IBC §1005
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§1005.3.1 Stairway Components, Exception for sprinklers and alarm
§1005.3.2 Other Components, Exception for sprinklers and alarm
Required Minimum Opening Provided Provided
Description Load Factor Width (in) Width (in) Width (in) Count Width (in)
Third Floor Stairs 887 0.2 177.4 44 96 3 288
Third Floor Other 887 0.15 133.05 44 72 3 216
Second Floor Stairs 1187 0.2 237.4 44 102 4 408
Second Floor Other 1187 0.15 178.05 44 72 4 288
First Floor Other 4870 0.15 730.5 44 72 21 1512
Prescriptive Analysis – Building 
Code Analysis - Egress
• Number of Exits
• Per 2012 IBC §1021, the 
minimum number of exits per 
story is two.
• Per §1021.2.4, for occupant 
loads between 501 and 1,000 
the number is three, and for 
loads greater than 1,000 the 
number is four.
• The second and third floor are 
equipped with four exits each, 
and the first floor is equipped 
with 21 exits.
• Travel Distance
• Per 2012 IBC Table 1016.2
• 250’ for A, M, and S in  
sprinklered buildings.
• 300’ for B in sprinklered 
Buildings.
• Per Table 1014.3 the maximum 
common path of travel is 100’ 
for B and S and 75’ for all 
others in a sprinklered 
building.
• Per §1018.4 dead end 
corridors shall be less than 20’
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Third Floor Travel 
Distance
• 120’ for A




• 204’ for A
• 85’ for B
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First Floor Travel 
Distance
• 95’ for B
• 120’ for S
• 152’ for A






• Define project scope
• Identify Goals
• Define objectives
• Develop performance 
criteria
• Develop design fire 
scenarios
• Evaluate the design
• Document the design
• Manage Changes
* SFPE Engineering Guide to Performance Based Design
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Performance Based Analysis –
Project Scope
• Large worship area with 
unique architectural 
features
• Christmas services that 
include open flames in 
the candlelight services.
• Educational Classrooms 
on adult wing
• Bible Study classes like to 










Performance Based Analysis – Goals 
and Objectives
• Goals
• Minimize loss of life.
• Minimize fire related 
damage.
• Maintain architectural 
design features while being 
protected.
• Use of spaces adjacent to 
room of origin after fire 
event.
• Objectives
• Not a single life lost.
• Prevent flashover in the 
room of origin.
• Limit smoke to room of 
origin.
• Use intumescent products 
to keep aesthetic value and 
maintain fire protection.
• Protect Cloud Ceilings and 
other architectural 
features.
• Prevent fire damage from 
spreading beyond room of 
origin.
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*Chapter 11, §3 SFPE handbook of Fire Protection Engineering
*SFPE Engineering Guide to Performance-Based Fire Protection
*Introduction to Performance Based Fire Safety
Performance Based Analysis –
Performance Criteria
• How are we going to meet the design goals?
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Design Objective Performace Critera
Not a single life lost Maintain smoke level 2m above floor for ASET time
Limit radiant heat flux to less than 2.5 kW/m2 for at 
least 10 minutes
CO levels below 2,800ppm for at least 10 minutes
Visibility greater than 5m for at least 10 minutes
Prevent flashover in the room of origin Limit overall heat flux to less than 14 kW/m2
Limit smoke to room of origin Maintain pressure outside of room for smoke 
removal system to work
Use intumescent products to keep 
aesthetic value and maintain fire 
protection
Install paints to manufacturer specifications and UL 
listing
Protect Cloud Ceilings and other 
architectural features
Drop ordinary temperature sprinkler heads to cloud 
ceilings using painted escutcheons to match
Prevent fire damage from spreading 
beyond room of origin
Upper layer temperature below 200°C
Particulate matter not greater than .5g/m3
*Poh, Tenability criteria for design of smoke hazard management systems
*Gager and Dominguez, Tenability Criteria in Unique Situations and Atypical Buildings
Performance Based Analysis –
Design Fire Scenarios
• Worship Center
• Open Flame introduced 
from lit candle(s).
• Upholstered chairs are 
used and not wooden 
pews.
• Lights are turned out 
when candles are being 
lit.
• Evaluation of what 
happens if candles is 
dropped on chair 
unnoticed.
• Bible Study Classroom
• Fuel load increased by 
bringing in plastic tables 
and electronic cooking 
devices.
• Room circuits not 
designed for additional 
loads.
• Evaluation of what 
happens if 
malfunctioning cooking 
equipment ignites plastic 
table.
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Performance Based Analysis –
Design Fire Scenarios
• Bible Study Classroom
• Fuel load increased by 
bringing in plastic tables 
and electronic cooking 
devices.
• Room circuits not 
designed for additional 
loads.
• Evaluation of what 
happens if 
malfunctioning cooking 
equipment ignites plastic 
table.
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*SFPE Handbook of Fire Protection Engineering 5th Edition
Performance Based Analysis –
Design Fire Scenarios
• Bible Study Classroom
• Fire Sprinkler Activation Time Model
• Time to detection:  125 s
• HRR at detection: 188 kW
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DETACT.XLS: Estimate of the response time of ceiling mounted fire sprinkler
INPUT PARAMETERS CALCULATED PARAMETERS
Calculation reset 1 0 or 1 R/H 0.2667 -
Ceiling height (H) 3 m W/H 1.8667 -
Room width (W) 5.6 m Temperature factor 0.7241 -
Radial distance (R) 0.8 m Velocity factor 0.6017 -
Ambient temperature (To) 20 C Calculation time (t) 1801 s
Actuation temperature (Ta) 73.9 C Fire HRR (Q) 38923 kW
Rate of rise rating (ROR) 8 C/min Gas temperature (Tg) 2272.3 C
Response time index (RTI) 23.419 (m-s)1/2 Gas velocity (Ug) 14.139 m/s
Fire growth power (n) 2 - ROR at detector 100.06 C/min
Fire growth coefficient (k) 0.012 kW/s n̂ Detector temp (Td) 2263.6 C
Fire location factor (kLF) 1 - Detection trigger 1677 1784
Representative t2 coeff. k CALCULATION RESULTS FT ROR
Slow 0.003 Transport lag time (tl) 7 7 s
Medium 0.012 Detection time (td) 125 18 s
Fast 0.047 HRR at detection (Qd) 188 4 kW
Ultrafast 0.400 HRR w/transport lag (Ql+d) 209 7 kW
Performance Based Analysis –
Design Fire Scenarios
• Bible Study Classroom
• FDS Comparison to SFPE Curve
43
Sprinkler Activation
Performance Based Analysis –
Design Fire Scenarios
• Bible Study Classroom
44
Performance Based Analysis – ASET 
vs. RSET - Classroom
• Smoke layer drops to 2m at 2 minutes.  Smoke layer drops to .55m in 4.3 minutes.
• Upper gas layer temperature reaches 80° C in approximately 4.3 minutes. 
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*Spreadsheet Templates For Fire Dynamics Calculations
Performance Based Analysis – ASET 
vs. RSET - Classroom
• Smoke layer drops to 2m at 2 
minutes.  Smoke layer drops to 
.55m in 4.3 minutes.
• Upper gas layer temperature 
reaches 80° C in approximately 
4.3 minutes. 
• Travel time is approximately 42 
seconds @.3m/s.
• RSET = tdetect + tevac
• tdetect = 1 min, tevac=.7min
• RSET = 1.7 min, or 102 sec.
• ASET = 2 minutes based on the 
most limiting design criteria 
(smoke layer height).
• ASET > RSET - PASS
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*Figure 3.11.4, SFPE Handbook of Fire Protection Engineering, 5th Ed.
*SFPE Introduction to Performance Based Fire Safety
Performance Based Analysis – ASET 
vs. RSET - Classroom
• By 43 second all persons are outside of the room
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Performance Based Analysis – ASET 
vs. RSET - Classroom
• Visibility at 102 sec is greater than 15 m
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Performance Based Analysis –
Design Fire Scenarios
• Worship Center
• Open Flame introduced 
from lit candle(s).
• Upholstered chairs are 
used and not wooden 
pews.
• Lights are turned out 
when candles are being 
lit.
• Evaluation of what 
happens if candles is 
dropped on chair 
unnoticed.
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*SFPE Handbook of Fire Protection Engineering
Performance Based Analysis –
Design Fire Scenarios
• Worship Center
• Fire Sprinkler Activation
• Time to detection: 751 s
• HRR at detection:  6.8 
MW
50




Performance Based Analysis – ASET 
vs. RSET – Worship Center
• The smoke layer is managed well above 2m.
• The upper layer gas temperature remains well above 80° C.
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Performance Based Analysis – ASET 
vs. RSET – Worship Center
• The smoke layer is managed well above 2m.
• The upper layer gas temperature remains well above 80° C.
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Performance Based Analysis – ASET 
vs. RSET – Worship Center
• Smoke layer stays above 2m for 
at least 20 minutes based on 
Fire Tools model.
• Upper gas layer stays below 80°
C for at least 20 minutes. 
• RSET = tdetect + tevac
• tdet=4 min, tevac=3.3 min
• RSET = 7.7 min, or 462 sec
• ASET = 20 minutes based on fire 
code requirements.
• ASET > RSET - PASS
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Performance Based Analysis – ASET 
vs. RSET – Worship Center
• There are bottlenecks caused by the columns in the path of egress.
• Occupants still egress on time.
55
Conclusions of Prescriptive and 
Performance-Based Designs
• The building areas are compliant for the types of construction, fire resistance 
rating, and fire resistance.
• The building is compliant for apparatus access, but it lacks hydrant coverage.
• The fire protection systems are compliant for the 2012 IBC and IFC.  However, 
it is recommended to add sprinkler protection to the cloud ceilings and wall 
obstructions.
• Travel distance, egress width, and means of egress are compliant with the 
2012 IFC.  However, based on the egress model, it is recommended to 
rearrange the seating near the building columns in the worship center to 
alleviate bottlenecks.  
• Although the ASET > RSET, it is still recommended to never bring cooking 
appliances into the classrooms and never introduce an open flame into the 
worship center.  Even with the fire marshal on a standby fire watch, it is not 
good to introduce an ignition source into an occupied, combustible 
environment.
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Thank you, and Questions?
• I would like to thank Dr. Mowrer and Dr. Pascual for their 
extreme graciousness, kind patience, and expert 
guidance during my time in the program.
• I would also like to thank the reviewers for their time 
and dedication to the program.
• I look forward to your questions.
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